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^ © SURFACE ILLUMINATION DEVICE AND LIQUID CRYSTAL DISPLAY. 



© A surface illumination device suitable for the 
backlight of a liquid crystal display or the like. For 
example, a generally L-shaped fluorescent lamp (22) 
is installed as a light-emitting member on the two 
edge faces (41c) and (41 d) which are adjacent to a 
generally rectangular light-transmitting plate (21). 
The corner (40) between the two edges is cham- 
fered. The fluoresc ent lamp (2?) whirh hps an ft ln-n- 
gated light-emitting part is installed on the light- 



transmitting plate (21) through an appropriate space 
to make it possible to execute a high luminance 
illumination with a low power consumption. There- 
fore, when a color display is made on a liquid crystal 
panel, an appropriate high luminance backlight can 
be implemented. Further, a stable color display is 
possible because it is little affected by the tempera- 
ture of the illumination device. 
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FIELD OF THE INVENTION 

This invention relates in general to a thin, sur- 
face-type illumination device that can be used as a 
backlight for liquid crystal displays (LCD) and, in 
particular, to a suitable illumination device for use 
in a notebook computer display that provides high 
brightness with low power consumption as well as 
to a liquid crystal display that uses this illumination 
device. 

BACKGROUND OF THE INVENTION 

Surface-type illumination devices with a cylin- 
drical light source and a flat polarizer such as the 
devices described in Japanese Kokai No. 60- 
205576 and Japanese Kokai No. 61-248079 are 
well-known. One such example is shown in FIG. 21. 
In the illumination device 90, cylindrical fluorescent 
light 92 is positioned on one side of the substan- 
tially rectangular and flat polarizer 91. The light 
introduced to polarizer 91 from fluorescent light 92 
is reflected by the diffusion pattern printed on 
polarizer 91 and emitted from the surface of the 
polarizer at a fixed density of light. 

This type of surface illumination device, in re- 
cent years, has been used extensively as bac- 
klights for iicuid crystal display panels. The use of 
liquid crystal display panels are increasing as dis- 
plays in such things as laptop computers, televi- 
sions and cameras. The use of liquid crystal dis- 
play panels for color displays is also increasing. As 
the size of personal computers and televisions be- 
come smaller, it is imperative that liquid crystal 
display panels become thinner and lighter. 

Accordingly, it is necessary that the surface- 
type illumination device used for liquid crystal dis- 
play panels as a backlight, in correlation with the 
color displays, becomes thinner and lighter with 
less power consumption. Also, to allow for use in 
color displays, a sufficient brightness is necessary 
to clearly show the colors displayed in the liquid 
crystal. This requires the use of a high output 
fluorescent light in the illumination device. How- 
ever, along with the light, heat is also radiated from 
the high-output fluorescent light. The effect of this 
heat, as shown in FIG. 22, is great. The tempera- 
ture may rise 30 - 40 * C above a normal tempera- 
ture of 25' C. Consequently, when this type of 
illumination device is used as a backlight in an 
MIM active color display panel or in a STN passive 
color display panel, a special method to reduce the 
heat is necessary to control, to a certain extent, the 
color and brightness irregularities. 

In stead of using one high output fluorescent 
tube, it is also conceivable to increase the number 
of fluorescent tubes. In this way, it is possible to 
control to some extent the temperature increase 



3NSOOCID: <EP 0607A53Al_t_> 



due to the light source. However, as the number of 
fluorescent tubes is increased, many other prob- 
lems appear. One of these problems is the vari- 
ations in the illumination of the fluorescent tubes . 

5 Because the illumination intensity of florescent 
tubes varies according to each tube, it is necessary 
to adjust such things as the resistance within the 
fluorescent tube driver circuit to obtain a fixed 
illumination intensity. Consequently, in the case 

70 when several fluorescent tubes are used in one 
illumination device, extra time is required during 
the manufacturing process to obtain a balanced 
and fixed illumination intensity. . 

Another problem is the increased number of 

75 driver circuits required to turn on the fluorescent 
tubes. The number of these driver circuits can not 
be easily increased in devices such as microcom- 
puters where thinness and small size are important. 
In accordance with the instant invention, a suit- 

20 able illumination device for color liquid crystal dis- 
plays can be obtained that are small in size, ligh- 
tweight, and have high and uniform brightness. 
Further, it is an object of the invention to provide a 
surface-type illumination device that can prevent 

25 heat generation and its resulting bad effects to the 
liquid crystal display panel. 

Another object of the invention is to provide a 
surface-type illumination device that, without in- 
creasing the number of driver circuits for driving 

30 the fluorescent lights, displays a brightness higher 
than conventional illumination devices and restricts 
heat radiation. 

A further object of the invention is to generate 
a suitable diffusion pattern to realize a surface-type 

35 illumination device, this diffusion pattern being 
used in the illumination device. 

Still another object of the invention is to pro- 
vide a stable liquid crystal display where the driver 
IC fcr driving the liquid crystal display panel is 

40 positioned so that it will not be affected by heat. 

DISCLOSURE OF THE INVENTION 

In accordance with the instant invention, by 
45 employing an illuminant longer than conventional 
illuminants, illumination with high illumination inten- 
sity is obtained without increasing the number of 
driver circuits for driving the illuminants and without 
concentrating the heat diffusion. Further, by bend- 
so ing the illuminant, light can be introduced along the 
polygon-shaped polarizer. Also, to maintain proper 
space between the polarizer and the illuminant and 
to increase the efficiency of the light introduced to 
the polarizer, a corner is removed from the edge of 
55 the polarizer. In other words, the surface-type illu- 
mination device of the instant invention comprises 
a polarizer which is polygon-shaped and substan- 
tially transparent; a diffusion pattern arranged on 

3 
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one side of the polarizer, the diffusion pattern emit- 
ting substantially evenly from one side of the polar- 
izer light that is introduced from the illuminant to 
the other side of the polarizer; and a cylindrically- 
shaped illuminant bent so that the illuminant faces 
at least two sides of the polarizer; wherein the edge 
sandwiched, between the at least two sides is pro- 
cessed so that the corner does not protrude. 

Through using an illuminant bent along the 
polarizer, the length per cylindrically-shaped illu- 
minant is long, and an illuminant with large illu- 
minating area can be used. Consequently, the rise 
in temperature of the illuminant can be kept down 
and high brightness obtained. Furthermore, an in- 
crease in the number of driver circuits that drive 
the illuminant can be prevented. When bending an 
illuminant such as a fluorescent light to adjust for 
interference between the bent portion and the cor- 
ner of the polarizer, the width or length of the entire 
illumination device becomes longer, preventing 
miniaturization. In the instant invention, by remov- 
ing a corner of the polarizer, the distance between 
the polarizer and the illuminant can be kept within a 
fixed range for high incident efficiency, and thus, a 
highly efficient illumination device that is small in 
size can be realized. 

Further, by using a long illuminant as men- 
tioned above, an improvement in conversion effi- 
ciency from power to tight is also attained. For 
example, in illuminants such as a fluorescent light, 
power to the illuminant is consumed by the cath- 
ode drop, which is due to the glow discharge, and 
consumed by positive column gradient voltage, 
which is due to light emission. When a plurality of 
illuminants are used and the input voltage in- 
creased, the portion consumed by the cathode 
drop voltage significantly increases and an in- 
crease in the positive column gradient tendency for 
light emission is small. However, in the illumination 
device of the instant invention, which uses a long 
illuminant, power is efficiently converted into light 
as an increase in the positive column gradient 
voltage is smaller than the case when the number 
of illuminants is increased. 

The edge of the polarizer can be processed 
into many different shapes, for example, removing 
the corner in the shape of an isosceles triangle. In 
the case of the isosceles triangle, a high incident 
efficiency of light from the illuminant to the polar- 
izer can be maintained. It is desirable to make the 
length of one of the sides of the isosceles triangle 
to be removed in the approximate range of 0.6 
times to 1.0 times the smallest radius of curvature 
of the bent portion of the illuminant so as to realize 
a small-sized illumination device. Also, in order to 
prevent light incident from the edge, and to in- 
cr ease the uniformity of the lig ht; radiated from the 
polarizer, it is effective to include a shield at the 



edge portion to prevent introduction of light from 
the illuminant. 

Also, the corner of the edge may be removed 
in a diamond-shape. In order to make the incident 

5 efficiency high and keep the size of the . device 
small, it is desirable to make the length of one of 
the sides of the corner removed in a diamond- 
shape within a range of 0.6 times to 1.0 times the 
smallest radius of curvature of the bent portion of 

w the illuminant. Also, if all the corners are removed 
from the edges of the polarizer so that they do no 
protrude, the directionality of the polarizer disap- 
pears and the manufacturing process time required 
to position the polarizer becomes unnecessary. 

is It is common to cover the illuminant with a 

reflector to increase the incident efficiency of the 
light from the illuminant to the polarizer. When a 
bent illuminant such as the one described above is 
used, it is desirable for the reflector to be com- 

20 prised of a straight first reflector and a second 
reflector positioned along two of the sides of the 
polarizer wherein at the edge, the first reflector is 
covered by the second reflector. It is also possible 
for the reflector to be comprised of a first reflector 

25 that covers the lower half portion of the illuminant 
on one side of the polarizer and a second reflector 
that covers the upper half of the illuminant from the 
other side of the polarizer. 

The diffusion pattern that diffuses light incident 

30 to the polarizer from the bent illuminant can be 
generated by the following method. In other words, 
to generate a diffusion pattern that evenly radiates, 
from the other side of the polarizer, light introduced 
from the illuminant to the polarizer in an illumina- 

35 tion device where a cylindrically-shaped illuminant 
is positioned near at least a first side and a second 
side of a substantially rectangular polarizer, the 
density distribution per unit area of the diffusion 
pattern can be found by: finding a predicted emit- 

40 ted light intensity distribution for the y-direction 
along the first side based on the intensity of the 
light incident to the polarizer from the second side 
and the density distribution of a presupposed diffu- 
sion pattern; then finding a predicted emitted light 

45 intensity distribution for the x-direction along the 
second side based on the intensity of the light 
incident to the polarizer from the first side and the 
density distribution of the presupposed diffusion 
pattern; and then compensating the density dis- 

so tribution of the presupposed diffusion pattern so 
that the sum of the predicted emitted light intensity 
distribution for the x-direction and the predicted 
emitted light intensity distribution for the y-direction 
on arbitrary rectangular xy coordinates of the polar- 

55 izer fit within a fixed range. 

When an edge reflector is installed at at least 
one of the two sides opposite the first side and the 
second side for reflecting the light from the inner 



5 



EP 0 607 453 A1 



6 



part of said polarizer to said polarizer, it is good to 
compensate the density distribution by computing 
the reflected light intensity incident from the edge 
reflector to the polarizer with a fixed attenuation 
factor; finding a predicted emitted light intensity 
distribution for at least one of the xy directions of 
the reflected light intensity; and adding this to the 
predicted emitted light intensity distribution found 
above. 

By printing the diffusion pattern described 
above on the polarizer or by putting on the polar- 
izer a sheet with the pattern formed on it, light 
introduced from the bent illuminant can be evenly 
radiated from the polarizer. Similarly, light can be 
evenly emitted by making the thickness of a polar- 
izer with an even diffusion pattern inversely propor- 
tion to the compensated density distribution of the 
diffusion pattern. 

Effects of the heat from the illuminant can be 
minimized by using as a bent illuminant an L- 
shaped illuminant and by placing in a position 
opposite the illuminant a driver device such as a 
driver IC for driving the liquid crystal display. Con- 
sequently, as the threshold value of the driver does 
not become unstable due to the heat, a color 
display with stable contrast is obtained. Further, a 
high quality display with high brightness and a 
smail illumination device is also obtained. 

Further, a stable, high quality display can be 
obtained that reduces heat using an even longer U- 
shaped illuminant. The brightness of the display is 
easy to adjust when illuminants such as L-shaped 
and U-shaped illuminants are used because nearly 
the same intensity of light is incident from the 
periphery of the polarizer. Of course, an O-shaped 
illuminant can also be arranged around the periph- 
ery of a rectangular polarizer as well as an illu- 
minant bent to fit the shape of any other polygon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sketch of a liquid crystal display 
using the surface-type illumination device in accor- 
dance with the first embodiment of the invention. 

FIG. 2 is a cross-sectional view of FIG. 1 
showing the structure of the liquid crystal display. 

FIG. 3 is a break-down view showing the struc- 
ture of the liquid crystal display of FIG. 1. 

FIG. 4 is a break-down view showing the con- 
struction of the surface-type illumination device 
used in the liquid crystal display of FIG. 1. 

FIG. 5 is a top plan view illustrating the com- 
bination of the surface-type illumination device and 
the liquid crystal display panel shown in FIG. 4. 

FIG. 6 is an explanatory drawing showing the 
positioning of the polarizer and fluorescent light of 
the surface-type illumination device of FIG. 4. 



FIG. 7 is a cross-sectional view showing the 
relationship of the polarizer, fluorescent light, and 
reflector of the surface-type illumination device of 
FIG. 4. 

5 FIG. 8 is an explanatory drawing showing the 

assembly of the reflector of FIG. 7. 

FIG. 9 is an enlarged view of the edge of the 
polarizer. 

FIG. 10 is an enlarged view showing several . 
70 possible edge formations of the polarizer. 

FIG. 11 is an explanatory drawing showing the 
diffusion pattern formed on the diffusion sheet, this 
diffusion sheet being stuck to the polarizer. 

FIG. 12(a), which differs from FIG. 11, is a plan 
75 view showing a polarizer where the thickness has 
been changed. 

FIG. 12(b), which differs from FIG. 11, is a 
cross-sectional view showing a polarizer where the 
thickness has been changed. 
20 FIG. 13 is a top plan view showing the com- 

bination of the liquid crystal display pane! and 
illumination device in accordance with the second 
embodiment of this invention. 

FIG. 14 is a cross-sectional view showing the 
25 relationship of the liquid crystal display panel, illu- 
mination device, and illuminant as shown in FIG. 
13. 

FIG. 15 is a breakdown view of the structure of 
the surface-type illumination device shown in FIG. 
30 14. 

FIG. 16 is an explanatory drawing showing the 
relationship of the polarizer "and the fluorescent 
light which is in the surface-type illumination device 
of FIG. 15. 

35 FIG. 17 is an explanatory drawing showing the 

diffusion pattern that is printed on the polarizer of 
FIG. 15. 

FIG. 13 is a graph showing the surface tem- 
perature of the liquid crystal display panel shown in 
40 FIG. 13. 

FIG. 19 is an explanatory drawing showing a 
relationship, different from above; of the polarizer 
and the fluorescent light. 

FIG. 20 is an explanatory drawing showing a 
45 [still further different relationship] of the polarizer 
and the fluorescent light. 

FIG. 21 is an explanatory drawing showing a 
conventional polarizer and fluorescent light. 

FIG. 22 is a graph showing the surface tem- 
so perature of a liquid crystal display panel using a 
surface-type illumination device similar to the one 
shown in FIG. 21 . 

BEST MODE FOR IMPLEMENTATION OF THE 
55 INVENTION 

The embodiments of the instant invention are 
explained below using the above drawings as refer- 
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ence. 

EMBODIMENT 1 

FIG. 1 is a sketch of liquid crystal display 1 in 
accordance with one embodiment of this invention. 
Liquid crystal display 1 is constructed with liquid 
crystal display panel 10 and an illumination device 
to be described later sandwiched between upper 
case 2 and tower case 3. Upper case 2 and lower 
case 3 are fixed in place by tooth 4. The scanning 
data that comprises the image is supplied from the 
host side to each row or column through tape 
•electrode 5 and tape electrode 6. This data is 
latched by a driver IC which will be described 
below, is synchronized, and is supplied to liquid 
crystal display panel 10 where the image is 
formed. Power is supplied from the driver circuit of 
the host side to the fluorescent light comprising the 
illumination device through connector 7, connector 
7 extending past liquid crystal display 1 and used 
lighting. 

The basic structure of one embodiment of liq- 
uid crystal display 1 will be explained using the 
cross-sectional view of liquid crystal display 1 
shown in FIG. 2 and the break-down view of liquid 
crystal display 1 shown in FIG. 3. In liquid crystal 
display 1, illumination device 20 is installed in 
lower case 3. Above that, liquid crystal display 
panel 10 is installed using frame 30 and 31. Liquid 
crystal display panel 10 is formed by enclosing the 
liquid crystal, transparent electrodes and such be- 
tween two layers of transparent glass substrates 1 1 
and 12. At side 10a of liquid crystal display panel 
10, a plurality of driver ICs 13 are installed for 
latching pixel data for the rows and sending it to 
the liquid crystal display panel. Also, at side 10b, 
which is adjacent to side 10a, a plurality of driver 
ICs 14 are installed for latching pixel data for the 
columns and sending it to the liquid crystal display 
panel. 

Frames 30 and 31 are used to protect illumina- 
tion device 20 and to position it within the case. At 
the same time, it also fills the role of maintaining a 
fixed distance for gap 33 between illumination de- 
vice 20 and liquid crystal display panel 10, for 
example, 0.2 - 1 mm. For this reason, frames 30 
and 31 are prepared so that their lower halfs 34 
and 35 . support illumination device 20 and their 
upper halfs 36 and 37 act as spacers between 
illumination device 20 and liquid crystal display 
panel 10. In this example the frame is divided into 
two pieces, however, the number of pieces is not 
limited to two. For example, three pieces, four 
pieces, or even more is possible, and even just one 
piece is also conceivable. Furthermore, the frame 
_ nged not cover the entire periphery of illumination 
device 20 or liquid crystal display panel 10. A 
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plurality of pieces may be arranged in appropriate 
places. 

Illumination device 20 is a surface-type illu- 
mination device set up with a cylindrically-shaped 

5 fluorescent light 22 at the edge of substantially 
rectangular polarizer 21. Fluorescent light 22 is 
roughly L-shaped and is covered by reflectors 23a 
and 23b. Wires for supplying power to drive flu- 
orescent light 22 extend from both ends of fluores- 

10 cent light 22 and are connected to the driver circuit 
on the host side through connector 7 which is for 
turning on the light. FIG, 4 is a break-down view of 
illumination device 20 and wiil be used to explain 
the structure of this embodiment of the illumination 

75 device. Illumination device 20 is comprised of po- 
larizer 21, which is substantially rectangular in 
shape and is missing the corner of edge 40, flu- 
orescent light 22, which encompasses edge 40 in 
an L-shape, and reflectors 23a and 23b, which 

20 cover fluorescent light 22 in the direction of polar- 
izer 21 and efficiently reflect light from fluorescent 
light 22 to polarizer 21. On tower surface 21b of 
polarizer 21, the side opposite of the side where 
liquid crystal display panel 10 is arranged, pattern 

25 sheet 24, which is printed with diffusion pattern 50, 
and reflecting sheet 25 are arranged in that order. 
On upper surface 21a of polarizer 21, the side 
where liquid crystal display panel 10 is arranged, 
diffusion sheet 26 and prism sheet 27 are ar- 

30 ranged. Edge reflective tape 28 is installed at edge 
41a and 41b, opposite fluorescent light 22 of polar- 
izer 21. 

Polarizer 21 is a transparent material whose 
index of refraction is greater than that of air. An 

35 index of refraction equal to or greater than 1.41 is 
desirable using such materials as acrylic resin, 
polycarbonate resin, amorphous polyolefinetype 
resin, and polystyrene resin. Use of these type of 
materials for polarizer 21 result in a critical angle of 

40 45° or less. If upper surface 21a and lower surface 
21b are smooth and mirror-like, the light incident 
from edges 41a, 41b, 41c, and 41 d, which are 
formed at right angles to surface 21a and 21 b ( is 
completely reflected from surfaces 21a and 21b. 

as Pattern sheet 24 is a transparent sheet with a 

fixed number of diffusion patterns 50 printed on it, 
the printed diffusion patterns being adhered to the 
lower surface 21 b of polarizer 21. Light incident 
from sides 41, to some extent, reach diffusion 

so pattern 50 and, without being completely reflected 
will be diffused in the direction of upper surface 
21a. Consequently, light incident from the fluores- 
cent light by way of edges is emitted to the liquid 
crystal display panel 10 from upper surface 21a. 

55 Reflecting sheet 25 is a thin PET sheet with a 

thickness approximately 0.05 - 0.5 mm. Light com- 
ing from upper surface 21a from polarizer 21 
through diffusion pattern 50 travels through the 
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diffusion sheet 26 or prism sheet 27, which are 
arranged on the upper portion of upper surface 21a 
and light up liquid crystal display panel 10. .How- 
ever, a portion, of the light is reflected through 
sheet 26 and 27 in the lower direction. The light 
reflected from the upper direction is returned to 
polarizer 21, among others, through reflecting sheet 
25. Reflecting sheet 25 may also be aluminum or 
other non-PET material. Also, lower case 3 may be 
used in place of a reflecting sheet as a reflector. 
Further, the frame of a computer or such carrying 
the illumination device or liquid crystal display of 
the instant invention can also be used as a reflector 
in place of the reflecting sheet. 

Diffusion sheet 26 is an approximately 0.05 - 
0.5 mm thin PET sheet or PC sheet. Diffusion 
sheet 26 diffuses the light that is reflected by 
diffusion pattern 50 and radiated from upper sur- 
face 21a. Diffusion pattern 50 is often formed in a 
narrow line configuration or net configuration. The 
light that is reflected by these types of patterns is 
diffused by diffusion sheet 26. The diffusion pattern 
cannot be recognized from the liquid crystal dis- 
play panel 10. Diffusion sheet 26 is arranged with a 
very small layer of air between it and the upper 
surface 21a of polarizer 21. The angle mentioned 
above is maintained in regards to the angle of 
upper surface 21a. Reflection sheet 26 is not limit- 
ed to a PET sheet and such sheets as acrylic-type 
sheets, among others, may be used. 

Prism sheet 27, which is arranged on diffusion 
sheet 26, is made up of very small linear prisms 
lined in a cross-sectionai array. The angle of the 
light radiating from diffusion sheet 26 is arranged 
to improve the illuminating intensity of the liquid 
crystal display panel 10. Although the brightness 
can be improved through prism sheet 27, when 
sufficient brightness is achieved through diffusion 
sheet 26, prism sheet 27 can be omitted, thus 
reducing manufacturing cost. 

Fluorescent light 22, which is used as the light 
source of illumination device 20, is in an L-shape, 
and is positioned adjacent to edges 41c and 41 d of 
polarizer 21. It is desirable, as will be explained 
later, to maintain a gap between edges 41c and 
41 d and fluorescent light 22 of around 0.8 -1.5 mm. 
The corner of edge 40 of polarizer 21 is removed 
and the fluorescent light 22 is able to be positioned 
with the above noted gap. Also, through removing 
this corner, fluorescent light 22 and the corner of 
polarizer 21 are kept from touching and such things 
as damage to the fluorescent light can be pre- 
vented. 

Fluorescent light 22 is covered by reflectors 
23a and 23b to make the light discharged from 
fluorescent light 22 incident with good efficiency 
from edge 40 of polarizer 21; Reflectors 23a and 
23b are PET sheets deposited with silver and of a 
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thickness of approximately 0.01 - 0.1 mm. In-order 
to provide low cost reflectors that cover the L- 
shaped fluorescent light and that are easy to install, 
two straight reflectors are used. This will be ex- 

5 piained in greater detail below. 

Edge reflective tape 28 is arranged at the two 
edges 41 a and 41b, which are opposite the edges 
41c and 41 d where fluorescent light 22 and reflec- 
tor 23 are installed. Edge reflective tape 28 is a 

70 PET sheet deposited with silver with thickness of 
approximately 0.01 - 0.1 mm. The light introduced 
to polarizer 21 from fluorescent light 22 is com- 
pletely reflected away. The light that reaches the 
edges of the opposite side is returned back to 

r5 polarizer 21. Materials such as white PET sheets, 
aluminum, and such can be used for the edge 
reflective tape as well as the reflectors mentioned 
above, tt is also possible to integrate these into the 
case or frame as well. 

20 .FIG. 5 shows the installment of liquid crystal 

display panel 10 on illumination device 20. Driver 
IC 13 and 14 are arranged on sides 10a and 10b, 
adjacent to liquid crystal display panel 10. Op- 
posite sides 10a and 10b, L-shaped fluorescent 

25 light 22 extends along the two sides 20c and 20d 
of illumination device 20. Because of this arrange- 
ment, driver IC 13 and 14 are not directly influ- 
enced by the heat from fluorescent light 22. Con- 
sequently, the temperature of the driver IC does 

30 not rise significantly, preventing changes in the 
driver's threshold value. For this reason, an image 
with very low fluctuations in contrast can be ob- 
tained using liquid crystal display panel 10. 

Through using a light like the L-shaped fiuores- 

35 cent light 22 shown in FIG. 6, the temperature 
distribution of the entire liquid crystal display panel 
10 becomes flat. In order to illuminate liquid crystal 
display panel 10 for color displays, high brightness 
is essential. Because of this, as explained earlier 

40 using FIG. 22. the output of conventional fluores- 
cent lights that are installed at one edge is in- 
creased and the slope of the temperature distribu- 
tion of the liquid crystal display panel becomes 
large. This results in color and brightness ir- 

45 regularities and poor display quality. However, by 
introducing light from two edges, like in the instant 
invention, a rise in the temperature of the liquid 
crystal display panel can be suppressed and high 
brightness obtained. 

so When introducing light from two edges, it is 

possible to use two fluorescent lights. This makes 
it possible to restrict the temperature increase of 
the liquid crystal display panel as compared to the 
method of introducing light from only one edge. 

55 However, as two driver circuits would be necessary 
to drive the two fluorescent lights, this would not 
very well be able to be incorpor ated into small 
personal computers and televisions. In the instant 
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invention, temperature rise can be suppressed and 
a high brightness obtained without increasing the 
number of driver circuits. 

Also, because the light conversion efficiency 
can be increased through using an L-shaped flu- 
orescent light, temperature rise can be further pre- 
vented. The majority of the power input into the 
fluorescent light is consumed as a cathode drop 
voltage which generates glow discharge. For exam- 
ple, when two fluorescent lights are used, two 
times the power is required, with most of it being 
consumed in order to generate two glow dis- 
charges.. However, when a long fluorescent light is 
used, such as in the instant invention, the cathode 
drop voltage consumed by glow discharge does 
not increase that much. Because of this, when two 
times the power is supplied, most of the increased 
power is consumed as a positive column gradient 
voltage in generating light. Consequently, the same 
brightness can be obtained with lower voltage and 
lower temperature rise. For this reason, the rise of 
the temperature of the liquid crystal display panel 
can be held down and a good quality image can be 
obtained. Also, because the power consumption 
can be kept down, it is a suitable illumination 
device to be used for illumination in liquid crystal 
display panels in small, portable devices where 
batteries are used as the power source. 

There are many merits of the illumination de- 
vice cf the instant invention which uses L-shaped 
fluorescent light 22. However, it is not as easy as 
just installing L-shaped fluorescent light 22 at edge 
40 of polarizer 21. This is because corner 43 of 
rectangular-shaped polarizer 21 (when the corner 
has not been removed) and bent portion 22a of 
fluorescent light 22 interfere with each other and 
therefore, gap 42 between edge 41 and fluorescent 
light 22 becomes exceedingly large. When gap 42 
cannot be reduced, the entire illumination device 
20 becomes larger and the scale of the liquid 
crystal display cannot be reduced. Also, when the 
gap between edge 41 and fluorescent light 22 
becomes larger, the light introduced to edge 41 
decreases. Reflector 23 can, to some extent, pre- 
vent the decrease of the light from fluorescent light 
22, but a large reflector is required. However, in 
polarizer 21 of the instant invention, edge 40, which 
interferes with fluorescent light 22, is removed so 
that the corner does not stick out and gap 42 is 
reduced. Through removing the corner of edge 40, 
damage to fluorescent light 22 due to corner 43 
impacting fluorescent light 22 during shipping and 
such can be prevented. Also, damage to fluores- 
cent light 22 caused by thermal expansion of polar- 
izer 21, vibration, and such can be prevented. 

Gap 42 between edge 41 and fluorescent light 
22 is not completely eliminated. Not only do prob- 
lems with precision during product manufacturing 



exist, but if gap 42 is reduced too much, the light 
reflected to reflector 23 is absorbed by fluorescent 
light 22 and the introduction efficiency from surface 

41 is reduced. In FIG. 7, the light radiated from 
5 fluorescent light 22 to the opposite side of edge 40 

is reflected by reflector 23 and introduced to edge 
40. Consequently, if gap 42 is too small, the re- 
flected light is introduced to fluorescent light 22 
and completely absorbed within fluorescent light 22 
io and, thus, the amount of light introduced to edge 
40 is reduced. If gap 42 is large, the incident 
efficiency improves, but when the distance of gap 

42 exceeds a prescribed value, the increase in the 
incident efficiency becomes less to the extent that 

15 limiting the size of illumination system 20 becomes 
more desirable. An appropriate gap 42 is judged 
by this inventor to be approximately 0.8 - 1.5 mm. 
More specifically, in the case of fluorescent light 22 
with a diameter of 2.5 - 4 mm, a gap of around 1 - 

20 1.5 mm is desirable. 

The light reflected from reflector 23 is an im- 
portant light source for illumination device 20. Al- 
though there are several different ways of setting 
up a reflector with respect to bent fluorescent light 

25 22 of the instant invention, one method, as shown 
in FIG. 8, is to use two reflectors 23a and 23b 
which are made from flat material and bent in a 
nearly half circular shape. Reflector 23a corre- 
sponds to the short side of polarizer 21 and is Jong 

30 enough, to cover from bent portion 22a to electrode 
22c of the short side of bent fluorescent light 22. 
Likewise, reflector 22b corresponds to the long 
side of polarizer 21 and is long enough to cover 
from bent portion 22a to electrode 22c on the long 

35 side of bent fluorescent light 22. At the time of 
manufacture of illumination system 20, one of the 
reflectors is first arranged, for example, the shorter 
reflector 23a. If the next reflector is laid from the 
top of the first reflector to the other side, for 

40 example, longer reflector 23b. fluorescent light 22 
can be completely covered. In this way, two sepa- 
rate reflectors 23a and 23b can be used to easily 
cover bent fluorescent light 22 and assembly of the 
reflector is made easy. Also, in conforming to the 

45 bent-shape of fluorescent light 22, reflector 23a and 
23b do not have a complex shape, but rather, a 
simple straight-line shape is used and therefore 
manufacturing cost can be kept down. 

The aperture ratio is vital to raising the incident 

so efficiency from fluorescent light 22 to edge 40. A 
desirable range for this aperture ratio, which is 
defined as [(thickness of polarizer 21) / (diameter of 
fluorescent light 22)], is around 0.9 - 2. If the 
aperture ratio is higher, the incident efficiency does 

55 not improve much. 

The removal of several different types of 
shapes from the corner of edge 40 is possible. Io 
this embodiment of the invention, a corner in the 
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shape of an isosceles triangle is removed from 
edge 40. Edge 43, which makes an angle of ap- 
proximately 45 a with respect to both edge 41c and 
41 d, is formed by edge 40. Because the light 
directly incident to edges 41c and 41 d from flu- 
orescent light 22 is reflected at. edge 40, the influ- 
ence of this portion to the intensity of the light 
radiated from upper surface 21a of polarizer 21 is 
small. The influence of this removed shape to the 
uniformity of the brightness is small. However, with 
the scattered light that differs from the incident 
angle, there is the fear that the brightness uniform- 
ity incident from edge 43 and radiated from upper 
surface 21 will be hindered. In the instant invention, 
reflective member 44 is installed to prevent light 
incident to polarizer 21 from edge 43. A plastic 
sheet deposited with white, silver, or aluminum 
among others or even a molded part can be used 
as reflecting member 44. This reflects light rays 
from leaving polarizer 21 and passing through edge 
43 and, oppositely, shields light rays entering from 
fluorescent iight 22, maintaining brightness uni- 
formity. As edge 40 becomes larger, the light intro- 
duced from polarizer 21 is reduced in the vicinity 
of the edge. Consequently, in order to maintain 
uniformity of brightness, it is desirable to establish 
limitations for the size of the triangle shape that will 
be removed. On one hand, if too little is removed, 
gap 42 between fluorescent light 22 and edge 41 
cannot be properly maintained. Considering this, it 
is found desirable to make the length of the sub- 
stantially equal in length sides of the triangle to be, 
within the range of 0.6 to 1.0 times the smallest 
radius of curvature of bent portion 22a of fluores- 
cent light 22. 

FIG. 10 shows other shape possibilities that are 
used in other embodiments of the invention. FIGS. 
10(a) and 10(b) are examples of the corner re- 
moved from edge 40 being parallel to adjacent 
sides 41c and 41 d. In order to make this type of 
shape edge 40 should be cut in a diamond shape, 
or in a square shape if the polarizer is rectangular. 
Edges 45a and 45b. which are cut in a diamond- 
shape, are approximately parallel to adjacent edges 
41c and 41 d of polarizer 21. Consequently, the 
light introduced to polarizer 21 from these edges 
45a and 45b have substantially the same vector as 
edges 41c and 41 d, and the probability of light 
being incident from the edges or being emitted is 
substantially the same. Therefore, it is rare for 
edge 40 to exert an influence on the uniformity of 
the brightness of the light radiated from the illu- 
mination device. For this reason, even if reflecting 
member 44 is omitted, it is still possible to obtain 
uniform brightness. However, it is difficult to main- 
tain good uniformity if the gap between the edge 
and the fluorescent light becomes large. In consid- 
ering the fluorescent iight and interference, it is 



453 A1 14 



found to be desirable to make the length of one of 
the diamond-shaped sides, as noted above, to be 
within the range of 0.6 to 1.0 times the smallest 
radius of curvature of bent portion 22a of fiuores- 

5 cent light 22. 

FIGS. 10(c) and 10(d) show examples of 
shapes of edge 40 when attention is paid to the 
manufacturing process of polarizer 21. In the case 
of injection formation of polarizer 21 and from the 

70 aspect of type processing, a "fan-shape" as shown 
in FIG. 10(c) can be used. In the case of machining 
polarizer 21 to form edge 40, an "opposite fan- 
shape" is also possible. Of course, other shapes 
are also possible. 

75 FIG. 11 shows diffusion pattern 50 for emitting 

light introduced to polarizer 21 from bent fluores- 
cent iight 22 to the liquid crystal display panel from 
upper surface 21 a of polarizer 21. Although in this 
embodiment diffusion pattern 50 is printed on pat- 

20 tern sheet 42, it is also possible to print directly on 
lower surface 21b of polarizer 21. It also is, of 
course, possible to draw diffusion pattern 50 on the 
lower surface of polarizer 21 through such methods 
as etching. Although line patterns and dot patterns 

25 are most commonly used, other patterns, as well 
as increasing or decreasing the pattern area den- 
sity at different places is also possible. 

In the case of the dot diffusion pattern, a meth- 
od of increasing or decreasing the area of each dot 

30 or a method of increasing or decreasing the dot 
density are both possible for adjusting the area 
density of the pattern. FIG. 11 shows an example 
of a pattern where the area of the dots are in- 
creased or decreased. The dot areas are small 

35 near edges 41c and 41 d where fluorescent light 22 
is positioned and these areas gradually increase as 
they move towards the opposing edges 41 a and 
41b. The area near edge 40 which is by bent 
portion 22a of fluorescent light 22 has the smallest 

40 areas and the corner opposite this between edge 
41a and 41b has the largest areas. 

The density distribution S(x,y) of this diffusion 
pattern is described below. Here, x and y are 
coordinates along edges 41c and 41 d of fluores- 

45 cent light 22, and a coordinate axis is used that 
increases in the direction away from fluorescent 
light 22. For some small area, the density distribu- 
tion of a diffusion pattern is assumed in advance to 
be SxjVj. The intensity ti.i of the light diffused by 

so the diffusion pattern of density distribution Sxiyi as 
it relates to the light incident from the x direction 
with an intensity of Lx is found by the following 
equation, where k is a certain reflection coefficient. 

55 t t ,1 = Lx x Sxiyi x k (1) 

T he intensity of the light diffu sed at the next 
small area in the x direction, t 2 ,t, is found by the 



9 

3NSDOC1D: <EP OS07453A1 J_z> 



15 



EP 0 607 453 A1 



16 



following equation. 

1 2,i = (Lx- li,i)x Sx 2 yi x k (2) 

Similarly, the intensity of the light diffused 
by the diffusion pattern of density distribution SxjVj 
and emitted by each small area as it relates to the 
light incident from the y direction with an intensity 
of Ly is found by the following equation. 

i itj = (Lx - £ a „ l atj ) x Sx iyj x k + (Ly - E w i" 1 
I i.b) x Sx iyj x k (3) 

The average intensity radiated, t ave , .is repre- 
sented by the following equation, where n is the 
number of the small areas in the x axis direction 
and m is the number of the small areas in the y 
axis direction. 

t ave = £i=i n EH m *i,j/(nxm) (4) 

Keeping the intensity of the light diffused by 
the diffusion pattern in a fixed range is necessary 
in order to make the brightness of illumination 
device 20 uniform. Consequently, the density dis- 
tribution SxjVj of the diffusion pattern assumed in 
advance must be compensated and is represented 
by the following equation. 

S 1 x iyj = Sx iyj x l ave / E ii.j (5) 

Just as above, the intensity of the light diffused 
at each small area using the compensated density 
distribution .S'xjVj of the diffusion pattern is recal- 
culated. If this intensity can be kept within the 
permitted range, a diffusion pattern with proper 
brightness uniformity will be generated. If, despite 
using the once compensated density distribution 
S-xiyj, the intensity of the light is not kept within the 
fixed range, repeat the compensation with the 
above technique. 

In this way. when the diffusion pattern is gen- 
erated, based on the intensity of the incident light 
in both the x and y direction,, the intensity of the 
light emitted by diffusion at each coordinate, or 
each small area, is calculated for all directions. 
Along with finding the light intensity emitted at 
each small area that composes the intensity, the 
average light intensity is found and the density 
distribution of the diffusion pattern is compensated 
so that variations of the light intensity emitted from 
each small area will be kept within the average 
light intensity and fixed range. 

Further, it is desirable to compensate for the 
intensity of the light reflected from edge reflective 
tape 28 which is placed on edges 41 a and 41 b. For 
the intensity of the light reflected from edge 41a 
and 41 b by edge reflective tape, it is appropriate to 



add the intensity of the light that is diffused and 
emitted to the calculation of t i(j , the intensity of 
light emitted from each small area. 

The following is an equation for Lx, the inten- 
5 sity of light reflected from edge 41a in the x 
direction. 

Lx' = (Lx - E lol a l itj ) x 7? (6) 

jo In this equation, ^ is the reflection coefficient of the 
edge reflective tape. A number, for example, such 
as 0.5 may be used. Consequently, by performing 
a further calculation to that discussed above, a 
density distribution of the diffusion pattern com- 

js pensated for edge reflection can be generated for 
the tight source of the intensity incident from co- 
ordinate x a in the x direction. And, by using diffu- 
sion pattern 50 which follows this density distribu- 
tion, illumination with a high uniform brightness can 

20 be achieved through the polarizer. 

FIG. 12 shows an example of increasing and 
decreasing the thickness of the polarizer instead of 
forming a diffusion pattern that differs in density on 
the polarizer. In this example of polarizer 29, diffu- 

25 sion pattern 51, which has a fixed density distribu- 
tion, is printed on lower surface 29b. The cross 
section of polarizer 29 is formed in inversely pro- 
portional to the density distribution of the diffusion 
pattern discussed above. In other words, edges 

30 41c and 41 d of polarizer 29 are thick and the 
thickness become gradually thinner in the direction 
of edges 41a and 41b. When the thickness of 
polarizer 29 is thinned in inverse proportion to the 
density distribution of the diffusion pattern as found 

35 above, the density of the light, which is illuminated 
by the diffusion pattern of uniform density formed 
on lower surface 29b, increases. Consequently, the 
intensity of the light diffused by diffusion pattern 
and emitted from upper surface 29a is averaged 

40 just the same as the light emitted by the diffusion 
pattern with the density distribution as found above. 
A polarizer such as polarizer 29 shown in FIG- 12 
can, therefore, also obtain illumination with high 
uniform brightness. 

45 Illumination device 10, as explained above, 

uses as its light source one long fluorescent light 
that is bent in an L-shape and can be installed at 
the polarizer which has a corner removed. Con- 
sequently, the effective overall length of the Hu- 
so orescent light can be extended and the gross lu- 
minous energy raised without increasing the num- 
ber of driver circuits used for turning on the flu- 
orescent light. Also, the necessity when there are a 
plurality of fluorescent lights to adjust such things 

55 as the driver circuit so the brightness of the plural- 
ity of fluorescent lights are in agreement does not 
exist. Further, because the light nnnv/Ftr^inn .effi- 
ciency can be raised, power consumption can be 
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reduced. In terms of the output of the driver circuit 
for turning on the fluorescent light, although it is 
necessary to raise the output ability because the 
overall length of the fluorescent light is extended, 
when compared with the case of turning on two 
fluorescent lights, the output of the driver circuit is 
low. 

Illumination device 10 has various uses as a 
surface-type illuminant besides the liquid crystal 
display discussed above. When used as a bac- 
klight in a liquid crystal display panel, the fluores- 
cent light can be arranged in a place opposite the 
liquid crystal driver IC because an L-shape fluores- 
cent light :s used. For this reason, the effects of 
heat from the illuminant to the driver IC can be 
kept to a minimum and a stable display obtained. 
Also, as the illuminant and driver IC have no posi- 
tional interferences, the size of the liquid crystal 
display can be reduced. Further, the power con- 
sumption of the illumination system is low, the 
heating power per unit length is low as the illu- 
minating portion is long, and the temperature rise 
of the liquid crystal panel can, to a great extent, be 
kept down. Consequently, when high brightness 
necessary for color displays is shown, color and 
brightness irregularities of the liquid crystal panel 
can be prevented and a good quality, vivid color 
display obtained. 

Further, to simplify the manufacturing process 
and obtain a display with uniform illumination and 
good display quality for the illumination device and 
liquid crystal display, many things such as the 
shape of the reflector and the generation method of 
the diffusion pattern are improved and a low-cost 
liquid crystal display with good display quality pro- 
vided. 

Above, only one corner from edge 40 of the 
polarizer is removed. However, it is also possible to 
remove all four corners. If all four corner are re- 
moved in the same shape, the directionality of the 
polarizer becomes unimportant at the time of as- 
sembly and the manufacturing process can be fur- 
ther simplified. 

EMBODIMENT 2 

FIG. 13 shows a liquid crystal display using an 
illumination device 60, which differs from that de- 
scribed above, and liquid crystal panel 10 installed 
on illumination system 60. Concerning this liquid 
crystal display, the drawings and descriptions sub- 
stantially similar to the embodiment shown in FIG. 
1 are eliminated. Also, the same figure numbers for 
liquid crystal display panel 10 and other parts that 
are in common with the first embodiment will be 
used and the descriptions eliminated. Illumination 
device 60 uses a U-shaped fluorescent light 62 as 
a light source. Fluorescent light 62 is positioned 
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nest to edges 41 a, 41c and 41 d. three of the four 
edges 41a - 41d formed on polarizer 61 of illumina- 
tion system 60. Illumination device 60 is enclosed 
within frames 38 -and 39, which are divided into an 

5 upper and lower section. Upper frame 38 acts as a 
spacer to secure the gap between liquid crystal 
display panel 10 and illumination device 60. 

The construction of illumination device 60 of 
this embodiment will be explained using FIGS. 14 

70 and 15. Within the U-shaped lower frame 39 of 
illumination device 60 are enclosed the following in 
the order from bottom to top, reflecting sheet 25, 
polarizer 61, diffusion sheet 26, and prism sheet 
27. U-shaped fluorescent light 62 is installed next 

75 to three of the edges of polarizer 61, 41a, 41 c, and 
41 d. The remaining edge 41b is equipped with 
edge reflecting tape 28. On top of lower frame 39, 
which encloses all of these, is the flat, L-shaped 
upper frame 38. 

2Q The mirror surface of the hyperbolic curve sec- 

tion of the inner surface 63 of lower frame 39 is 
formed by silver deposition or the like. The lower 
surface 64 of upper frame 38 is also silver depos- 
ited and mirrorized. The inner surface 63 and lower 

25 surface 64 of frame 39 and 38, respectively, per- 
form the function of a reflector, thus integrating the 
reflector and frame described in the previous em- 
bodiment into one part. Consequently, the troubles 
due to assembling illumination device 60 is further 

30 reduced. 

The explanation of the functions of reflection 
sheet 25, diffusion sheet 26, and prism 27 will be 
omitted as they are the same as that explained in 
the earlier embodiment. In this example, the pat- 

35 tern sheet is omitted because the diffusion sheet 
52 is printed on lower surface 61b of polarizer 61. 
The two corners are removed from edge 40a and 
40b of polarizer 61 in order to install U-shaped 
fluorescent light 62 with an appropriate gap 42 at 

40 the polarizer, as has explained in the embodiment 
above. FIG. 16 shows the relationship of fluores- 
cent light 62 and polarizer 61. The corners of edge 
40b, which is between edges 41c and 41 d, and 
edge 40a, which is between edges 41a and 41 d, 

45 are removed so that they do not stick out. In this 
way, fluorescent light 62 can be installed with fixed 
gap 42 near edge 41, and the incident efficiency 
towards polarizer 61 maintained at a high level. 
Also, damage to fluorescent light 62 due to such 

so things as thermal expansion and shock can be 
prevented. The shape of the removed corner, in 
this example, is a triangle with two sides of ap- 
proximate equal length. However, as explained ear- 
lier, it is of course possible to use other shapes as 

55 well. 

FIG. 17 shows diffusion pattern 52, which is 

printed on polarizer 6-t. when looking from the 

direction of lower side 21b of polarizer 21. Diffusion 
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pattern 52 is formed by using the density distribu- 
tion generated by the generation method discussed 
above. In this embodiment, because in addition to 
edge 41c there is a light source 41a, the area 
density of the diffusion pattern on this side is low 
and the area density of the diffusion pattern in the 
middle of lower surface 21b is high. Also, the area 
density of the diffusion pattern along edge 41 d is 
low, and the area density of the diffusion pattern 
opposite this side near edge 41b is high. Through 
diffusion pattern 52, the light introduced to polarizer 
61 is diffused and a uniform light is released from 
upper surface 61a of polarizer 61 towards the liquid 
crystal display panel. 

FIG. 18 shows the temperature distribution on 
liquid crystal display panel 10 of this embodiment 
of the invention. From viewing this graph it can be 
seen that the temperature rise of the panel directly 
on the fluorescent light only increases about 10 
degrees above the regular temperature. As shown 
from FIG. 22, this a great reduction from when a 
conventional illumination device is used. Because 
of very little difference between the temperature of 
the central portion of the liquid crystal display 
panel and the temperature of the edge portion near 
the light source and the resulting flat temperature 
distribution, there is a very low amount of image 
and brightness irregularities that appear on the 
liquid crystal display panel. Consequently, a good 
quality image can be obtained. Therefore, illumina- 
tion device 50 is an illumination device that can 
irradiate a light of high brightness for color displays 
and can prevent a temperature rise on the liquid 
crystal display panel. Because of the use of a long 
light source bent in a U-shape, the amount of 
heating per unit length can be reduced and, still 
further, a reduction in power consumption 
achieved. 

In the present embodiment of the liquid crystal 
display device, as shown in FIG. 13, driver IC 13 is 
arranged on one of the sides of the U-shaped 
fluorescent light However, because the rise in tem- 
perature of fluorescent light 62 is low, thermal 
expansion towards driver IC is low and problems 
such as fluctuations in the threshold value can be 
controlled. Consequently, the liquid crystal display 
of this embodiment can obtain a vivid and stable 
color image with high brightness and low power 
consumption. As only one driver circuit is neces- 
sary to turn on the fluorescent light, devices that 
use liquid crystal displays, such as televisions and 
personal computers, can be miniaturized. Because 
the discharge length is increased, the driver circuit 
output must be improved to turn on the U-shaped 
fluorescent light. However, when compared to turn- 
ing on three separate fluorescent lights, the in- 
crease in output of the driver circuit is small 



FIG. 19 shows, an example of two approxi- 
mately L-shaped fluorescent lights 72a and 72b 
installed on polarizer 71. FIG. 20 shows three ap- 
proximately L-shaped fluorescent lights 82a, 82b, 

5 and 82c installed on hexagonal polarizer 81. The 
corners are removed from the edge portion 40 of 
both polarizer 71 and 81 so that there is no inter- 
ference with fluorescent light 72 and 82 and so that 
these lights can be properly positioned. Structures 

io discussed in the above embodiments, such* as 
those of the reflectors, can be used. 

Various shapes of surface-type illumination 
systems can be formed using a bent, cylindrical 
illuminant. With these illumination devices, a uni- 

75 form illumination device with high brightness can 
be obtained that has low power consumption. Also, 
a high quality color display can be obtained when 
using a color liquid crystal display panel. 

20 USES IN INDUSTRY 

This surface-type illumination device is suitable 
for use as a backlight in liquid crystal display 
devices that use a liquid crystal display panel or for 

25 use as other flat, surface-type illumination devices. 
Because liquid crystal display devices using this 
illumination device can display vivid color with low 
power consumption, it can be used as a display in 
notebook PCs and other information processing 

30 devices as well as in devices such as liquid crystal 
TVs, video cameras, and other image processing 
devices. 
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Claims 



1. An illumination device, comprising: 

a polarizer which is polygon-shaped and 
substantially transparent; 

a diffusion pattern arranged on one side of 
40 said polarizer, said diffusion pattern emitting 

substantially evenly from one side of said po- 
larizer light that is introduced from said illu- 
minant to the other side of said polarizer; and 
a cylindrically-shaped illuminant bent so 
45 that said illuminant .faces at least two sides of 

said polarizer; 

wherein the edge portion sandwiched be- 
tween the at least two sides is processed so 
that the corner does not protrude. 

50 

2. The illumination device of claim 1, wherein the 
corner of the edge portion is removed in the 
shape of an isosceles triangle. 

55 3. The illumination device of claim 2, wherein the 
length of one side of the removed isosceles 
t riangle corner is approximat ely 0.6 times to 
1.0 times the smallest radius of curvature of 
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the bent portion of said illuminant. 

4. The illumination device of claims 2 or 3, 
wherein the edge portion .acts as a shield to 
prevent the introduction of light from said illu- 
minant. 

5. The illumination device of claim 1, wherein the 
corner of the edge portion is removed in a 
diamond shape. 

6. The illumination device of claim 5 t wherein the 
length of one side of the removed diamond 
shape corner is approximately 0.6 times to 1.0 
times the smallest radius of curvature of the 
bent portion of said illuminant. 

7. The illumination device of claims 1 or 6, 
wherein the corners of all the edge portions of 
said polarizer are processed so as to not pro- 
trude. 

8. The illumination device of claims 1 or 7, further 
comprising a reflector covering all of said illu- 
minant except for that in the direction of said 
polarizer and reflecting light from said illu- 
minant in the direction of said polarizer, said 
reflector comprised of a straight first reflector 
and a second reflector positioned along two of 
the sices of said polarizer wherein at the edge 
portion said first reflector is covered by said 
second reflector. 

9. The illumination device of claims 1 or 7, further 
comprising a reflector covering all of said illu- 
minant except for that in the direction of said 
polarizer and reflecting light from said illu- 
minant in the direction of said polarizer, said 
reflector comprised of a first reflector that cov- 
ers the lower half portion of said illuminant on 
one side of said polarizer and a second reflec- 
tor that covers the upper half of said illuminant 
from the other side of said polarizer. 

10. A method of establishing a diffusion pattern in 
a surface-type illumination device including a 
substantially rectangular polarizer, a cylindri- 
caily-shaped illuminant positioned near at least 
a first side and a second side of said polarizer, 
and a diffusion pattern able to discharge even- 
ly, from the other side of said polarizer, light 
introduced from said illuminant to said polar- 

■ izer, comprising: 

finding a first predicted emitted light inten- 
sity distribution for. a first direction along said 
first side based on the intensity of the light 
incident to sai d polarizer from said secon d; 
side and the density distribution of a presup- 
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posed diffusion pattern; 

finding a second predicted emitted light 
intensity distribution for a second direction 
along said second side based on the intensity 

5 of the light incident to said polarizer from said 

first side and the density distribution of the 
. presupposed diffusion pattern; and 

computing the density distribution of said 
diffusion pattern by compensating the density 

w distribution of the presupposed diffusion pat- 

tern so that the sum of said first predicted 
emitted light intensity distribution and said sec- 
ond predicted emitted light intensity distribu- 
tion on arbitrary rectangular coordinates of said 

75 polarizer fit within a fixed range. 

11. The diffusion pattern method of claim 10, in- 
cluding an edge reflector at at least one of the 
two sides opposite the first side and the sec- 

20 end side, said edge reflector reflecting the light 

from the inner part of said polarizer to said 
polarizer, further comprising: . 

computing the reflected light intensity in- 
cident from said edge reflector to said polar- 

25 izer with a fixed attenuation factor; and 

adding a predicted emitted light intensity 
distribution for at least one of a first and a 
second direction found for said reflected light 
intensity to the sum of said first predicted 

30 emitted light intensity distribution and said sec- 

ond predicted emitted light intensity distribu- 
tion which are on arbitrary rectangular coordi- 
nates of said polarizer. . 

35 12. An illumination device, comprising: 
a rectangular polarizer; 
a diffusion pattern arranged on one side of 
said polarizer, said diffusion pattern having a 
fixed area density and emitting from one side 
40 of said polarizer light that is introduced from 

said illuminant to the other side of said polar- 
izer; and 

a cylindrically-shaped illuminant bent so 
that said illuminant faces at least two sides of 
45 said polarizer; 

wherein the edge portion sandwiched be- 
- tween the at least two sides of said polarizer is 
processed so that the corner does not pro- 
trude; and 

so the thickness of said polarizer is formed so 

that it is inversely proportional to said density 
distribution generated by the diffusion pattern 
generation method described in claims 10 or 
11. 

55 

13. A liquid crystal display device, comprising: 

a substantially rectangular polarizer 
wherein the edge portion sandwiched between 

13 
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two adjacent sides of said polarizer is pro- 
cessed so that the corner does not protrude; 

an L-shaped iliuminant bent so that it faces 
the two adjacent sides of said polarizer; 

a liquid crystal display which is illuminated 
by light emitted from one side of said polarizer 
by a diffusion pattern formed on the other side 
of said polarizer; and 

a driver which drives said liquid, crystal 
display, said driver arranged along the two 
sides opposing the two adjacent sides of said 
polarizer. 

14. A liquid crystal display device, comprising: 

a substantially rectangular polarizer 
wherein the two edge portions formed by three 
adjacent sides of said polarizer are processed 
so that the corners do not protrude; 

a U-shaped iliuminant bent so that it faces 
the three adjacent sides of said polarizer; 

a liquid crystal display which is illuminated 
by light emitted from one side of said polarizer 
by a diffusion pattern formed on the other side 
of said polarizer. 

15. The liquid crystal display device of claims 13 
or 14, wherein: 

the two adjacent sides of said polarizer are 
composed of a first side and a second side; 
and 

said diffusion pattern is formed by finding 
a first predicted emitted light intensity distribu- 
tion for a first direction along said first side 
based on the intensity of the light incident to 
said polarizer from said second side and the 
density distribution of a presupposed diffusion 
pattern; finding a second predicted emitted 
light intensity distribution for a second direc- 
tion along said second side based on the in- 
tensity of the light incident to said polarizer 
from said first side and the density distribution 
of the presupposed diffusion pattern; and com- 
puting the density distribution of said diffusion 
pattern by compensating the density distribu- 
tion of the presupposed diffusion pattern so 
that the sum of said first predicted emitted 
light intensity distribution and said second pre- 
dicted emitted light intensity distribution on, 
arbitrary rectangular coordinates of said polar- 
izer fit within a fixed range. 

16. The liquid crystal display device of claim 15, 
including: 

an edge reflector at at least one of the two 
sides opposite the first side and the second 
side, said edge reflector reflecting the light 
from the inner part of s aid polarizer to said 
polarizer; and 
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said diffusion pattern formed according- to 
said diffusion pattern density distribution com- 
pensated by: 

computing the reflected light intensity in- 
cident from said edge reflector to said polar- 
izer with a fixed attenuation factor; and 

adding a predicted emitted light intensity 
distribution for at least one of a first and a 
second direction found for said reflected light 
intensity to the sum of said first predicted 
emitted light intensity distribution and said sec- 
ond predicted emitted light intensity distribu- 
tion which are on arbitrary rectangular coordi- 
nates of said polarizer. 



17. The liquid crystal display device of claims 13 
or 14, wherein: 

the two adjacent sides of said polarizer are 
composed of a first side and a seccnd side; 
20 and 

the thickness of said diffusion pattern 
made inversely proportional to the density dis- 
tribution of said diffusion pattern calculated by 
finding a first predicted emitted light intensity 
25 distribution for a first direction along said first 

side based on the intensity of the light incident 
to said polarizer from said second side and the 
density distribution of a presupposed diffusion 
pattern; finding a second predicted emitted 
30 light intensity distribution for a second direc- 

tion along said second side based on the in- 
tensity of the light incident to said polarizer 
from said first side and the density distribution 
of the presupposed diffusion pattern; and com- 
as puting the density distribution of said diffusion 
pattern by compensating the density distribu- 
tion of the presupposed diffusion pattern so 
that the sum of said first predicted emitted 
light intensity distribution and said second pre- 
40 dieted emitted light intensity distribution on 
arbitrary rectangular coordinates of said polar- 
izer fit within a fixed range. 

18. The liquid crystal display device of claim 17, 
45 including: 

an edge reflector at at least one of the two 
sides opposite the first side and the second 
side, said edge reflector reflecting the light 
from the inner part of said polarizer to said 
so polarizer; and 

the thickness of said diffusion pattern 
formed inversely proportional to said diffusion 
pattern density distribution compensated by: 
computing the reflected light intensity in- 
55 cident from said edge reflector to said polar- 

izer with a fixed attenuation factor; and 

,i adding a predicted emitted light intensity 

distribution for at least one of a first and a 
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second direction found for said reflected light 
intensity to the sum of said first predicted 
emitted light intensity distribution and said sec- 
ond predicted emitted light intensity distribu- 
tion which are on arbitrary rectangular coordi- 5 
nates of said polarizer. 
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